A series of chalcones and its cyclohexenone derivatives derived from 6-methoxy-2-naphthaldehyde are described. The chalcones synthesized through Claisen-Schmidt condensation reaction were treated with ethylacetoacetate in presence of NaOH to get the cyclocondensed product ethyl-4-(aryl)-6-(6-methoxy-2-naphthyl)-2-oxo-cyclohex-3-ene-1-carboxylate. The synthesized compounds were characterized from elemental analysis and spectral data. Ethyl 4-(4-chlorophenyl)-6-(6-methoxy-2-naphthyl)-2-oxo-cyclohex-3-ene-1-carboxylate (4f) was studied by single crystal X-ray diffraction. The newly synthesized compounds were screened for their antimicrobial activity.
Introduction
Chalcones belong to a class of α,β-unsaturated aromatic ketones which occur abundantly in nature, and have drawn much attention because of their benefits to human application (Dhar, 1981; Torigoo et al., 1983; Sukumaran & Kuttan, 1991) . These compounds are precursors of flavonoids and isoflavonoids which are abundant in plants. Various biological activities are associated with chalcones, such as anticancer (Modzelewska et al., 2006) , antitumor (Kumar et al., 2003) , antioxidant (Suksamrarn et al., 2003) and antimalarial (Ferrer et al., 2009) . In addition of being used in pharmaceutical industries, chalcones also find wide applications in dyes (Asiri, 2003) and cosmetic compositions (Forestier et al., 1989) . Apart from being biologically important compounds, chalcone derivatives show non-linear optical (NLO) properties with excellent blue light transmittance and good crystallizability (Shettigar et al., 2006) . The presence of naphthyl ring in chalcones has shown promising antimicrobial and antihyperglycemic activity (Damazio et al., 2010; Rajendraprasad et al.,2006) . Michael addition of ethylacetoacetate to chalcone yields 4,6-diaryl-2-oxo-cyclohex-3-ene-1-carboxylate derivatives, which are efficient synthons for fused isoxazoles pyrazoles and quinazolins (Padmavathi et al., 2000; Senguttuvan et al., 2010) . Cyclohexenone derivatives are well known lead molecules for the treatment of inflammation and autoimmune diseases (Tanaka et al., 1997) . Several reports have pointed out the importance of cyclohexenones for antimicrobial and antitubercular activity (Vyas et al., 2009) . Nebumetone, 4-(6-methoxy-2-naphthyl)-2-butanone and Naproxen, 2-(6-methoxy-2-naphthyl) propanoic acid have been shown to possess good nonsteroidal anti-inflammatory (NSAI) activity. Keeping in view of the useful findings of 6-methoxy-2-naphthyl group and in continuation of our work on 4,6-diaryl-2-oxo-cyclohex-3-ene-1-carboxylates (Sreevidya et al., 2009) , we have synthesized some new cyclohexenone derivatives. We have already reported the crystal and molecular structure studies of some of the related chalcones and cyclohexenone derivatives (Li et al., 2009 (Li et al., , 2009a Jasinski et al., 2009; Yathirajan, Sarojini, Bindya et al., 2006; Yathirajan, Narayana, Ashalatha et al., 2006 ) . The present paper reports the synthesis, characterization and antimicrobial activity of some new cyclohexenone derivatives derived from 6-methoxy-2-naphthylaldehyde. One of the newly synthesized compound, viz., ethyl 4-(4-chlorophenyl)-6-(6-methoxy-2-naphthyl)-2-oxocyclohex-3-ene-1-carboxylate (4f) is characterized by single crystal studies.
Experimental
TLC was run on a Merck silica gel 60 F254 coated aluminum plates and melting points were taken in open capillary tubes and are uncorrected. Elemental analysis was carried out using Flash EA 1112 Series, CHNSO Analyzer (Thermo). IR spectra in KBr pellets were recorded on Jasco FT/IR-4100 FTIR spectrophotometer. 1 H-NMR spectra were recorded in CDCl 3 and in DMSO-d 6 on a Bruker (400 MHz) spectrometer using TMS as internal standard and Mass spectra were recorded on LC/MSD Trap XCT spectrometer. Bruker SMART CCD diffractometer was used for crystal structure studies. -3-(6-methoxynaphthalen-2-yl)prop-2-en-1-one (3a-3l) To a thoroughly stirred solution of 6-methoxy-2-naphthaldehyde (1.86 g, 10 mmol) and substituted acetophenones (10 mmol) in 15 ml methanol, 5 ml of 40% KOH solution was added. The reaction mixture was stirred overnight and the solid separated was collected by filteration. The product obtained was recrystallized from methanol. 
General procedure for preparation of 1-(aryl)
(2E)-1-(2-Hydroxyphenyl)-3-(6-methoxy-2-naphthyl)prop-2-en-1-one (3b)
General procedure for preparation of Cyclohexenones (4a-4l)
1-(Aryl)-3-(6-methoxynaphthalen-2-yl)prop-2-en-1-one (5 mmol) and ethyl acetoacetate (5 mmol) were refluxed for 4-6 hrs in 15 ml ethanol in presence of 0.8 ml of 10% NaOH. The reaction mixture was cooled to room temperature and the reaction mass was filtered. The compound was recrystallized from methanol.
Ethyl 4-(2-hydroxyphenyl)-6-(6-methoxy-2-naphthyl)-2-oxocyclohex-3-ene-1-carboxylate (4b)
Off white crystals, IR (KBr γ max cm 
Ethyl 4-(4-hydroxyphenyl)-6-(6-methoxy-2-naphthyl)-2-oxocyclohex-3-ene-1-carboxylate (4c)
Off white crystals, IR (KBr γ max cm -1 ): 1609 cm -1 (C=O ketone), 1730 cm -1 (C=O ester) 3376 cm -1 (-OH); 1 H NMR (CDCl 3 , 400MHz, δ ppm): 0.99 (t, 3H, J= 6.8 Hz, CH 2 -CH 3 ), 3.11-3.14 (m, 2H, CH 2 , CH 2 -CHAr), 3.91 (s, 3H, OCH 3 ), 3.93(s, 1H, CH), 3.94 (s, 1H, CH), 4.0 (q, 2H, J= 6.0 Hz, CH 2 -CH 3 ), 6.76 (s, 1H, =CH-CO-), 6.81 (bs, 1H, OH), 6.90 (d, 2H, J=6.4 Hz, ArH), 7.10-7.14 (m, 2H, ArH), 7.20-7.27 (m, 2H, ArH), 7.40 (dd, 1H, J= 6.8 Hz, ArH), 7.67 (d, 2H, J= 8.8 Hz, ArH), 7.70 (s, 1H, ArH). LCMS: 417(M+1). 
Ethyl 4-(4-methoxyphenyl)-6-(6-methoxy-2-naphthyl)-2-oxocyclohex-3-ene-1-carboxylate (4d)

Ethyl 4-(4-methylphenyl)-6-(6-methoxy-2-naphthyl)-2-oxocyclohex-3-ene-1-carboxylate (4e)
Ethyl 4-(pyridin-4-yl)-6-(6-methoxy-2-naphthyl)-2-oxocyclohex-3-ene-1-carboxylate (4h)
Pharmacology
Antibacterial studies
The newly synthesized compounds were screened for their antibacterial activity against Escherichia coli (ATTC-25922), Staphylococcus aureus (ATTC-25923), Pseudomonas aeruginosa (ATCC-27853) and Klebsiella pneumoniae (recultured) bacterial stains by serial plate dilution method (Barry, 1991; James, 1970) . Serial dilutions of the drug in Mueller Hinton broth were taken in tubes and their pH was adjusted to 5.0 using phosphate buffer. A standardized suspension of the test bacterium was inoculated and incubated for 16-18 h at 37°C. The minimum inhibitory concentration (MIC) was noted by seeing the lowest concentration of the drug at which there was no visible growth.
A number of antimicrobial discs were placed on the agar for the sole purpose of producing zones of inhibition in the bacterial lawn. Twenty milliliters of agar media was poured into each Petri dish. Excess of suspension was decanted and plates were dried by placing in an incubator at 37°C for an hour. Using a punch, wells were made on these seeded agar plates and minimum inhibitory concentrations of the test compounds in dimethylsulfoxide (DMSO) were added into each labeled well. A control was also prepared for the plates in the same way using solvent DMSO. The Petri dishes were prepared in triplicate and maintained at 37°C for 3-4 days. Antibacterial activity was determined by measuring the diameter of inhibition zone. Activity of each compound was compared with ampicillin as standard. Zone of inhibition was determined for newly synthesized compounds and the results are summarized in Table 2 .
Antifungal studies
Newly prepared compounds were screened for their antifungal activity against Aspergilus flavus (NCIM No.524), Aspergilus fumigates (NCIM No. 902), Penicillium marneffei (recultured) and Trichophyton mentagrophytes (recultured) in DMSO by serial plate dilution method (Arthington-skaggs 2000; Verma, 1998) . Sabourands agar media was prepared by dissolving peptone (1 g), D-glucose (4 g) and agar (2 g) in distilled water (100 ml) and adjusting the pH to 5.7. Normal saline was used to make a suspension of spore of fungal strains for lawning. A loopful of particular fungal strain was transferred to 3 ml saline to get a suspension of corresponding species. Twenty milliliters of agar media was poured into each Petri dish. Excess of suspension was decanted and plates were dried by placing in incubator at 37°C for 1 h. Using a punch, wells were made on these seeded agar plates minimum inhibitory concentrations of the test compounds in DMSO were added into each labeled well. A control was also prepared for the plates in the same way using solvent DMSO. The Petri dishes were prepared in triplicate and maintained at 37°C for 3-4 days. Antifungal activity was determined by measuring the diameter of inhibition zone. Activity of each compound was compared with itraconazole as standard. Zones of inhibition were determined and the results are summarized in Table 3 .
Results and discussion
Chalcones were synthesized by a base catalyzed Claisen-Schmidt condensation reaction of 6-methoxy-2-naphthaldehyde and substituted acetophenones. The reaction of chalcones with ethyl acetoacetate is known to lead three structurally diverse types of compounds, depending on the experimental conditions employed. Thus in the presence of a base, chalcones (3a-3l) and ethyl acetoacetate produce cyclohexenones (4a-4l) by means of an intermediate Michael adduct, as given in Scheme 1. The cyclocondensation of ethyl acetoacetate with chalcones leads to the generation of two chiral centers in the structure of cyclohexenones and both configuration of chiral carbon atoms are expected in the synthesized cyclohexenones, which would result in a mixture of diastereomers. No attempt has been undertaken to separate the diastereomeric cyclohexenones and have been characterized as such. The newly synthesized compounds were characterized by elemental analysis, IR, 1 H NMR, LCMS and single crystal X-ray analysis. The elemental analysis data of cyclohexenone derivatives are reported in Table 1 .
The IR spectra of (2E)-1-(2-hydroxyphenyl)-3-(6-methoxy-2-naphthyl)prop-2-en-1-one (3b) revealed a strong band at 3400 cm -1 confirming the presence of -OH group and a sharp band at 1650 cm -1 indicating the presence of C=O. The proton NMR showed a singlet at δ 3.88 ppm representing three protons of methoxy group. The peaks of CH α = CH β were observed at δ 7.79 ppm as doublet with J = 15.48 Hz and at δ 7.97 ppm as doublet with J = 15.5 Hz, respectively. The LCMS showed the peak at m/z 305 (M+H), confirming the structure of the compound.
The IR spectra of ethyl 4-(2-hydroxyphenyl)-6-(6-methoxy-2-naphthyl)-2-oxocyclohex-3-ene-1-carboxylate (4b) revealed a strong sharp band at 1632 cm -1 representing C=O group of the cyclohexenone ring and the band for C=O of ester was observed at 1742 cm -1 .
In the 1 H NMR spectra, the CH 3 protons of ester group came into resonance at δ 1.0 as triplet with J = 6.8 Hz. The CH 2 protons of cyclohexenone ring were observed as multiplets at δ 2.97-3.18 ppm and two CH proton of cyclohexenone ring resonated at δ 3.86 ppm and at δ 3.90 ppm as singlet. The OCH 3 protons resonated as singlet at δ 3.93 ppm accounting for three protons. The CH 2 protons of ester group resonated as quartet at δ 4.0 ppm with J = 6.0 Hz. A broad singlet was observed at δ 5.4 ppm representing OH proton. The signal for =CH-CO-of cyclohexenone ring appeared at δ 6.55 ppm as singlet. The aromatic protons appeared at δ 6.86 ppm a doublet with J = 8.7 Hz accounting for two protons. Two protons came into resonance as multiplet at δ 7.13-7.17 ppm. Doublets were observed at δ 7.42 ppm and 7.49 ppm with J = 8.4 Hz and J = 8.7 Hz respectively representing two aromatic protons. Three aromatic protons resonated as multiplets at δ 7.69-7.75 ppm. The LCMS of this compound showed the M+1 Peak at m/z 417.
Compound 4f was obtained as colourless blocks by recrystallisation from acetonitrile solution and its structure was elucidated by single crystal X-ray diffraction. Molecular structure of ethyl 4-(4-chlorophenyl)-6-(6-methoxy-2-naphthyl)-2-oxocyclohex-3-ene-1-carboxylate (4f) is shown in Fig. 1 . (8) ratio. The major orientation corresponds to the S,S-enantiomer and the minor orientation to the R,R-enantiomer: crystal symmetry generates a racemic mixture. In the crystal, a weak intermolecular C-H···O interaction occurs. Similar disorder of the equivalent atoms have been seen in related structures (Li et al., 2009 (Li et al., , 2009a . All the H atoms were placed in idealized locations (C-H = 0.93-0.98 Å) and refined as riding with Uiso(H) = 1.2Ueq(C) or 1.5Ueq (methyl C). The methyl groups were allowed to rotate, but not to tip, to best fit the electron density. [X-ray crystallographic files, in CIF format, for the structure determinations of (I) All the newly synthesized compounds were screened for their antimicrobial activity. The investigation of antibacterial and antifungal screening data revealed that some of the compounds (4a-l) showed moderate to good inhibition at µg ml -1 in DMSO. The compounds 4k and 4l showed comparatively good activity against all the bacterial and fungal strains. The good activity is attributed to the presence of pharmacologically active group attached to the cyclohexenone ring. Introduction of aryl moiety carrying bromo and dichloro group enhanced activity compared to the standard against Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae, Penicillium marneffei, T. mentagrophytes, A. flavus and A. fumigatus. Results of antibacterial and antifungal screening are discussed in Table-2 and Table-3 respectively.
Conclusion
The research study reports the successful synthesis of chalcones derived from 6-methoxy-2-naphthaldehyde. These chalcones were converted to cyclohexenone derivatives by treating with ethyl acetoacetate in presence of a base, which are useful intermediates in the synthesis of heterocyclic compounds. The newly synthesized cyclohexenone derivatives were tested for their antibacterial and antifungal activity. Some of these derivatives have shown promising results. Ethyl 4-(4-chlorophenyl)-6-(6-methoxy-2-naphthyl)-2-oxo-cyclohex-3-ene-1-carboxylate (4f) was studied by single crystal X-ray diffraction. 
